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# $%C&#I#J@K@L#=EF## # # # # # # CCG#
B%&# '()#"2("8",-3D#)**)+,4#-*#("5(#+-2+)2,37,"-24#-*#=EF#01-2#=>?##
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B%<# =#+-:173"4-2#-*#,()#1)3+)2,75)#-*#167,)6),#7553)57,"-2#"2#,()##
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B%P8# #=#+-:173"4-2#-*#,()#1)3+)2,75)#-*#167,)6),#7553)57,"-2#"2#,()##
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$%A># L/-*,01,-+1+-#'GN4#'./'+/-*,-"./#,2-+*#'8,11+/)"/)#7"-8#=#B#(GH#
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$%AJ# K8+#+22+'-#.2#(V#"/8"U"-.*#;:#<<=>?#,/5#A#B#(GH#./#*+@-"/)##
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# S.="1#2N4.0-1/1-/#N2"-3#EF#P#)67#1-=#1#="./@M5#.!/01(/#,A#)67# # E'J#
$%;E# G,/15#-"/0"/.#(,-(.-/01/",-#R#97*#"-#/@.#S.="1#1-=#4.55./#,A#5M2.=##
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+/'<$ $ $ $ +/02,.1$
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AEC3./%#,5$ $ $ A164.1$F3./%#,5$
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&2=$ $ $ $ (.-#9N$Y19.3#-%$
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%':
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$ $ $ %#50#51$&7#*7$
%'<
;$
$ $ $ %#50&51$&7#*7$
%'$ $ $ $ %#50#9$*!#+1$
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;
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H:J>:$ $ $ $ H,0#817#9$@3H$019145*0$
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H@H;D3$$ $ $ H6&51615$&88018&5#*7$40*O#610$D+$
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H@PD$ $ $ $ H0*51?1$&95#"&51+$019145*0$D$
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HS$$ $ $ $ H0*?5&86&7+#7$
4SU$ $ $ $ H&05#9,6&51$8,&7/6/6$9/96&?1$
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HS2>$ $ $ $ H0*?5&86&7+#7$2>$
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'C&#9$ $ $ $ '95++#+=$*-*9/32+$.#9327926*$
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';'B%@DC$ $ $ '24#1.$424*9,-$71-6)5/*$62-,593,-5.#4*$=*-$$ $
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7DA$$ $ $ $ '2-1E-*$=15+,-,-$9,9-57*$
'#+BF$ $ $ $ GB&236)2-#+,-7,4+2+*#.#+*$9)-23#4*$
'<%$ $ $ $ '24#1.$+#/3263177#4*$
'>AC$ $ $ $ '/23*$26*35/*4$95-9#1.$*+/3,$
'>;$ $ $ $ '16*32!#4*$4#7.1/57*$
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'OP$ $ $ $ '8A$Q#+57*7$
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?<$?R'$ $ $ $ ?V**+$?3#7$E100*3*4$75-#+*$
?3#7$ $ $ $ ?3#7$M),432!,.*/),-$N5.#+2.*/)5+*$
?W@I$ $ $ $ ?)2.E2!5+*$@I$
?WRI$ $ $ $ ?)32.E2!5+*$RI$
:@'%$ $ $ $ :5724#-5/23B7/#.1-5/*4$6)276)2632/*#+$$
"X"$ $ $ $ :2-1.*$/2$:2-1.*$
"Y($ $ $ $ :2+$Y#--*E35+4$059/23$
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There is mounting evidence that the 
consumption of specific foods can have 
numerous health benefits. Most of these 
foods are fruit and vegetables that often 
contain phytochemicals and can be 
beneficial in various disease situations, 
including cancer, cardiovascular disease 
(CVD), strokes and other thrombotic 
events. Garlic (Allium sativum) is one 
such phytochemical source and is best 
characterised for its strong antioxidant 
properties and a beneficial role in 
both preventing and treating CVD 
(1). Commercially, there is a vast array 
of supplements relating to garlic. 
One such preparation is aged garlic 
extract (AGE), which is prepared by 
soaking sliced raw garlic in 15-20% 
aqueous ethanol for up to 20 months 
at room temperature. This extract 
is filtered and concentrated under 
reduced pressure at low temperatures 
and is marketed in both dry and 
liquid forms under the commercial 
name Kyolic. This process causes 
an increase in the concentration of 
sulphur-based and water-soluble 
compounds. S-Allylcysteine, a 
major sulphur compound, is 
used to standardise AGE (2).
Work over the past 20 years suggests 
that AGE helps to reduce certain 
risk factors that lead to CVD. It was 
demonstrated that AGE helps reduce 
blood pressure, plasma cholesterol and 
triglycerides in hyperlipidaemic subjects 
(1, 3).  One major complication of 
CVD is a thrombotic episode, in which 
platelets have an extensive role. There 
is considerable evidence that AGE can 
inhibit platelets from aggregating in 
both healthy and in those with CVD (4).
Cardiovascular 
complications are the 
leading cause of death 
within the Western 
world (5). Restricted 
blood flow due to the 
presence of a plaque 
or plaque rupture can 
activate circulating 
platelets leading to 
thrombotic events.   
Platelets
Platelets are a 
crucial component 
in haemostasis 
and can therefore 
have an important 
role in obstructive 
vascular events. 
In a non-diseased system, vascular 
endothelial cells produce the gaseous 
signalling molecule, nitric oxide 
(NO). Circulating NO can prevent 
surrounding platelets from aggregating 
by inducing intraplatelet 3!,5! guanosine 
monophosphate (cGMP). In those with 
CVD, circulating endothelium produced 
NO is decreased, therefore increasing 
the chance of platelets aggregating 
spontaneously.
Two secondary messengers, cAMP 
and cGMP, are important regulators 
in platelets. When stimulated, an 
increased concentration of cAMP or 
cGMP within the platelet inhibit further 
activation events and inhibit platelet 
aggregation. These are very important 
pharmacological targets to modify 
platelet activity.
In atherosclerotic candidates (Fig.1), a 
dysfunctional vascular endothelium does 
not produce sufficient NO, therefore 
increasing the likelihood of unwanted 
platelet aggregation and the potential 
formation of thrombi or plaque. In this 
situation there is less intraplatelet cGMP. 
This is only one contributing factor to a 
complex pathogenesis of cardiovascular 
diseases.
In a diseased or damaged vascular 
state, less NO is produced and is 
circulated amongst other factors, 
allowing intraplatelet cAMP and cGMP 
to decrease. Platelets are more likely 
to activate and adhere to the vascular 
lining eventually creating a plaque or 
thrombus. 
Platelet inhibition by aged garlic 
extract
There have been small-scale clinical 
trials investigating the benefits of the 
consumption of this popular garlic 
supplement and its effect upon platelet 
biochemistry. Platelets have many 
agonists that can initiate aggregation 
and each agonist triggers a different 
signalling response. Adenosine 
diphosphate (ADP) is one such agonist 
and can activate platelets. ADP causes 
several intracellular responses in 
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Figure 1. Simplified schematic of both a normal and a damaged/diseased 
vascular situation. In normal state, vascular endothelial cells produce NO, 
causing an increase in cGMP in platelets. Intraplatelet cAMP is also 
higher, prohibiting platelets from aggregating. 
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platelets including the inhibition of 
cAMP production through adenylyl 
cyclase, the mobilisation of intracellular 
calcium (Ca2+) stores and a rapid Ca2+ 
influx.
Previous work has shown that AGE 
can inhibit ADP-stimulated platelet 
aggregation both in vitro and in vivo 
(4). The inhibition observed is due to 
AGE exerting an effect upon multiple 
signalling targets within the platelet. 
One target of AGE is Ca2+. Platelets 
are reliant upon the mobilisation of 
intraplatelet stores of Ca2+ to be able 
to aggregate upon ADP stimulation 
(6). AGE promotes a decrease in 
intraplatelet Ca2+ therefore accounting 
for part of its inhibitory effect on platelet 
aggregation (4).
The inhibitory effects of AGE on 
ADP-initiated platelet aggregation can 
also be attributed to it acting upon 
another signaling target. AGE can 
also increase the levels of intraplatelet 
cAMP (4) therefore promoting further 
downstream signaling by this intra-
cellular messenger.
As AGE has an effect upon cAMP, it 
is possible that AGE might also modify 
cGMP signalling. Since intraplatelet 
cAMP is approximately ten-fold 
higher than cGMP (7), it is possible 
that the majority of the mechanism 
of inhibition is due to AGE increasing 
cAMP rather than cGMP. cGMP 
acts as secondary messenger much 
like the other cyclic nucleotide 3!,5! 
adenosine monophosphate (cAMP). 
The membrane-bound enzyme 
adenylyl cyclase produces cAMP 
which continues to activate further 
downstream signalling. Once platelets 
are activated by the agonist ADP, 
intraplatelet cAMP and cGMP are 
decreased allowing aggregation to occur. 
In resting platelets, levels of cAMP and 
cGMP are higher than in activated 
platelets, preventing aggregation from 
occurring. Once stimulated, both 
cAMP and cGMP are degraded quickly 
by their specific phosphodisesterases 
(PDE), converting them into inactive 
5!-nucleotide metabolites, preventing 
further signalling
As platelets have many agonists 
that initiate aggregation, with each 
triggering different signalling responses, 
it is probable that AGE has several 
signalling targets within the platelet. 
So why take garlic?
Taking a garlic supplement has wide 
implications in both the treatment 
and prevention of disease. AGE is 
beneficial in reducing many of the 
parameters associated with CVD, 
including inhibiting platelet aggregation 
and reducing cholesterol. Those who 
are at risk or have suffered from a 
thrombotic episode are often put onto 
antiplatelet medication such as aspirin or 
clopidogrel. Each antiplatelet drug has a 
different target within the platelet, and is 
categorised by their mechanism of action. 
Approximately 12% of the UK population 
are currently taking the cholesterol-
lowering drugs, statins. Taking AGE as 
a regular supplement could potentially 
provide the same benefits as that of 
antiplatelet or cholesterol-lowering drugs, 
whilst removing the side effects that are 
associated with taking any long-term 
medication.
Platelets profoundly contribute to 
the long-term progression of vascular 
diseases. Increased platelet reactivity 
can be a principal marker of subsequent 
cardiac events in those with CVD 
(5). The spontaneous aggregation of 
platelets can lead to the formation of 
clots and plaques increasing the risk of 
a thrombotic event. As AGE has been 
shown to inhibit platelet aggregation, 
it is therefore possible that AGE could 
help to prevent the formation of a 
plaque or thrombus or could even 
reduce the size of a thrombus already 
present (8) (Fig.1).
AGE could also benefit those with 
diabetes. Diabetics are at a much higher 
risk of a thrombotic event with mortality 
rates from CVD and stroke 3-5 times 
higher for patients with diabetes to 
those without. Diabetic platelets are 
hyper-reactive compared to non-
diabetic platelets (9), and therefore 
have an even more crucial role in the 
progression to a thrombotic event. 
Conclusion
AGE is beneficial in both the treatment 
and prevention of CVD by reducing 
many of the contributing factors in 
CVD. Studies indicate that AGE can 
inhibit platelet aggregation through a 
multi-mechanistic effect upon platelet 
signalling. Platelets have a crucial role in 
the progression of CVD, therefore those 
who are at risk of developing CVD or a 
thrombotic event may benefit from the 
regular consumption of AGE as a dietary 
supplement. 
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